INTRODUCTION
, Neogene deposits in the Niger Delta (Bustin, 1988) , Neogene and Quater-nary clinoform deposits at the continental margin around North America (Parley et al., 1991) and the Neogene formations in the Niigata sedimentary basin and the Tsugaru Peninsula, Japan (Watanabe and Akiyama, 1998; Ujiie, 1992; Ujiie and Jingu, 1992) . Some studies on this concern of the carbonate rocks have been published (Bombardiere and Gorin, 1998; Steffen and Gorin, 1993; Gorin and Steff en, 1991; Wood and Gorin, 1998) .
Maceral distribution pattern of kerogen was discussed to be controlled by relative sea level changes (Pittet and Gorin, 1997; Pasley et al., 1991) , paleo-depth and salinity (Ujiie, 1992; Ujiie and Jingu, 1992) . But few studies have been conducted on the relation between maceral composition and sedimentary environments which are precisely defined by facies analysis. It is an important contribution to the maceral study that amorphous kerogen was classified into fluorescent (FA), non-fluorescent (NFA) of terrestrial origin and weakly fluorescent (WFA) of marine origin (Sawada and Akiyama, 1994) .
The Niigata sedimentary basin was filled by the Miocene volcanic rocks called "Green Tuff"
and the Miocene to Pleistocene siliciclastic rocks, more than 5,000m in total thickness.
Since oil and gas resources are produced from these Neogene rocks, many detailed geologic studies have been accumulated for the petroleum exploration.
Facies and depositional system analyses reveal that the Niigata sedimentary basin has been filled by basin floor, submarine fan, slope, shelf, delta, estuary and fluvial system sediments (e. g. Kazaoka, 1988; Takano, 1990; Endo and Tateishi, 1985; Tokuhashi et al., 1999; . A maceral composition study in the coastal to shelf sedimentary environments of the Pliocene and Pleistocene strata in the northeastern part of Higashikubiki Hills ( Fig.1 ) was published . The purpose of this study is to examine the maceral compositions at the other sedimentary environments of shelf and slope in the Niigata back arc basin.
STRATIGRAPHY
The study area is one of the main oil fields called Chuo Oil Field situated in the central part of Niigata Prefecture (Fig.1) . Miocene to Pleistocene strata distributed in the Chuo Oil Field are folded with an NNE-SSW trend axis in the Oginojo Anticline.
The strata tilt steeply in both wings of the Oginojo Anticline with an overturned structure in part (Fig.2) . Samples for the visual kerogen analysis were collected from the Jorakuji and Ichinotsubo routes of the western wing and the Kodo, Dodo and Shibatoge routes of the eastern wing of the anticline (Fig.2) .
Miocene to Pleistocene sediments are subdivided into Teradomari, Shiiya, Nishiyama and Haizume formations in ascending order (Fig.3) . The Teradomari Formation is exposed only around the eastern wing along the axis of the Oginojo Anticline. The lowermost of the Shiiya and Nishiyama formations are defined by the Gomoto pumiceous (Gtp) tephra layers (Kuro- Fig.1 Index map of the study area. Geological sketch map is modified from Kato (1992) . ISTL: Itoigawa-Shizuoka Tectonic Line. kawa et al., 1987) and the Chuei blue glassy (Cbg) ash (Kurokawa et al., 1989) , respectively. Since the marker bed of Cbg ash is not found in the eastern wing, the base of Nishiyama Formation is approved by its lithology . The boundary of Nishiyama and Haizume formations is assigned to the horizon of 40m above the Jorakuji gomashio (Jgm) ash (Kurokawa and Sawaguri, 1990) Ta, Tb and Tc of Bouma sequence (Bouma, 1962) have grading structures. Discrete burrows of Helminthopsis and Chondrites are found in dark gray mudstones. Gravels in the pebbly mudstone are 5mm in maximum size, and the same size of the gravels are occasionally found in the sandstone beds of the Teradomari Formation. The Teradomari Formation is rarely exposed in the axial part of the Oginojo Anticline (Fig.2) , and is estimated at a thickness more than 20m in the eastern wing (Fig.3) . Sedimentary environment Flysch-type turbidites suggest that the uppermost Teradomari Formation was deposited in a submarine fan. The absence of thick sandstones and conglomerates suggests that they were deposited on levee side of channel levee system (Walker, 1992) , and muddy flysch-type deposits indicate a distal levee environment laterally distant from submarine fan channels. The pebbly mudstone beds suggest debris flow deposits derived from collapse of muddy levee sediments (Walker, 1992) . It is concluded that the Teradomari Formation was deposited at the submarine fan of the basin floor.
Shiiya Formation Facies
The lower part of the Shiiya Formation is composed of sandy and normal flysch-type deposits with occasional beds of pebbly sandstone and pebbly mudstone.
Pebbly sandstone beds with 5cm gravels in maximum diameter are about one meter thick.
Fine and mediumgrained sandstone beds are several to 40cm thick with occasional thick beds more than 1m. Convolute structure beds, and Ta, Tb and Tc divisions of Bouma sequence (Bouma, 1962) are well developed in the sandstones. Mud rip-up clasts are observed in the Ta division.
Mudstones are 10 to 25cm thick with discrete burrows of Thalassinoides.
Three repetitions of the 20 to 40m successions of thining-upward sandstone beds are recognized in the lower part of the Shiiya Formation (Fig.4) . The upper part of the Shiiya Formation is composed of muddy flyschtype deposits with discrete burrows of Chondrites.
These deposits are composed of finegrained sandstone beds 15 to 20cm thick and mudstone beds 30 to 40cm thick.
The Shiiya Formation is distributed in both wings of the Oginoj o Anticline (Fig.2 ) with a thickness of 350 to 375m (Fig.3) .
Sedimentary environment
The characteristics of levee in channel-levee system (Walker, 1992) are recognized in the flysch-type turbidite. The thick sandstones, and the alternating beds of sandstone and mudstone are considered to be channel and levee deposits, respectively.
Furthermore, thick pebbly sandstone and pebbly mudstone beds suggest debris flow derived from slope collapses (Love, 1982) . Turbidite channel is, therefore, considered to have been situated at the lower slope. Thalassinoides and Chondrites are elements of the Cruziana ichnofacies in lower shoreface to offshore environments (Pemberton et al., 1992) . pointed out that the Shiiya and the Nishiyama formations were deposited at bathyal zone and bathyal to neritic zone, respectively.
Consequently, fining-upward succession from the lower part to the upper part of the Shiiya Formation presumably indicates a part of aggradational process at the lower slope.
Nishiyama Formation Facies
The lowermost of the Nishiyama Formation is composed of alternating beds of thick mudstones and thin sandstones, and laminated mudstones. There is a gradational change of lithology from the Shiiya to the Nishiyama Formation. The main part of the Nishiyama Formation is composed mainly of massive mudstone, gradually changing to sandy mudstone in the upper part of the formation. Discrete burrows of Chondrites, Palaeophycus and Thalassinoides are recognized in the strongly bioturbated massive and sandy mudstones.
The Nishiyama Formation is distributed in both wings of the Oginojo Anticline (Fig.2) with a thickness of 350 to 575m (Fig.3) .
Sedimentary environment
No evidences of wave structures suggest that the Nishiyama Formation was deposited in the sedimentary environment deeper than the inner shelf. Chondrites, Palaeophycus and Thalassinoides are associated with the Cruziana ichnofacies in lower shoreface to offshore deposits (Pemberton et al., 1992) . Kobayashi et al. (1988) stated that the Nishiyama Formation was formed in the upper slope to shelf edge (150 to several hundreds meters in water depth) based on benthic fauna. The absence of slump structures suggests that the Nishiyama Formation was not deposited on the slope. It is concluded that the facies succession of the Shiiya to the Nishiyama Formation indicates shallowing-upward environmental change and that the Nishiyama Formation was deposited under the outer shelf environment. Furthermore, the upward-change to sandrich facies in the Nishiyama Formation suggests the shallowing-upward in the outer shelf environment.
Haizume Formation Facies
The Haizume Formation is composed mainly of bioturbated sandy mudstone with muddy sandstone and mudstone layers. The Haizume Formation is lithologically similar to the upper part of the Nishiyama Formation but is different in much abundant sand facies. Discrete burrows of Thalassinoides are occasionally observed in the sandy mudstones.
The Haizume Formation is distributed in both wings of the Oginojo Anticline (Fig.2) . The uppermost part of the Haizume Formation is not observed in the study area. The thickness is more than 75 to 100m (Fig.3) .
Sedimentary environment
No evidences of wave structures suggest that the Haizume Formation was deposited in the sedimentary environment deeper than the inner shelf. The successive facies change from the Nishiyama to the Haizume Formation indicates that the Haizume Formation was successively deposited on the outer shelf environment.
Furthermore, the upward-sand-rich facies succession from the Nishiyama to the Hizume Forma- Omura et al. (2000) recognized that NFA content increases from the fluvial to the estuary mouth sediments and suggested that NFA is formed from terrigenous organic matter under the influence of salt water mass.
RESULT Teradomari Formation
Mudstone samples of distal levee sediments of the Teradomari Formation are KOE-Tel (Fig.5) , KO-Tel and KO-Te2 (Fig.6) , and DO-Tel (Fig.  7) , collected from the Kodo and Dodo routes, respectively.
Macerals consist of NFA (48.7 to 61.7%), vitrinite (27.0 to 32.7%), WFA (1.7 to 13%), alginite (1.3 to 4.3%), FA (0 to 3%), sporinite (1.3 to 2.7%) and cutinite (0 to 1.3%).
Shiiya Formation
Mudstone samples of turbidite channel and inter-channel sediments of the Shiiya Formation are IC-Sy1 (Fig.5) , JO-Sy1 to JO-Sy39 (Fig.4) , DO-Sy1 to DO-Sy3 (Fig.7) , KO-Sy1 to KO-Sy8 (Fig.6 ) and SH-Syl (Fig. 8) , collected from the Ichinotsubo, Jorakuji, Dodo, Kodo and Shibatoge routes, respectively. Macerals consist mainly of NFA (36.3 to 66.3%) and vitrinite(19.0 to 49.0%) with alginite (1.0 to 12.3%), FA (0.6 to 5.7%), sporinite (0 to 8.0%), WFA (0 to 7.7%) and cutinite (0 to 2.7%). Successive change of maceral composition is found in the samples of the Jorakuji Route.
The remarkable trend of upward decrease of vitrinite with upward increase of NFA is repeated three times with the thining-upward trend of sandstone beds in the flysch-type turbidite of the lower part of the Shiiya Formation (Fig.4) . Vitrinite content in JO-Sy1 is 43% and gradually decreases to 34% in JO-Sy5 with the thining-upward trend of sandstone beds. NFA content in JO-Sy1 is 44% and gradually increases to 50% in JO-Sy5. Vitrinite content in JO-Sy6 is 43% and decreases gradually upward again to 36% in JO-Sy12 with the thining- is 46% and gradually increase upward to 66% in JO-Sy21 (Fig.4) . In the samples of JO-Sy22 to JO-Sy30 average contents of vitrinite and NFA are 26% and 60%, respectively (Fig.4) . (Fig.4) .
Nishiyama Formation
Mudstone and sandy mudstone samples of the outer shelf sediments of the Nishiyama Formation are IC-Ny1 to IC-Ny15 (Fig.5) wings of Oginojo Anticline. This trend in the eastern wing is more obvious than that in the western wing of the anticline (Figs. 8 and 9 ). Maceral compositions of the Teradomari (Te) and Shiiya (Sy) formations in the Kodo (KO) Route of the eastern wing of Oginojo Anticline. See Fig.4 for legend. Fig.7 Maceral compositions of the Teradomari (Te) and Shiiya (Sy) formations in the Dodo (DO) Route of the eastern wing of Oginojo Anticline. See Fig.4 ronment contain much amounts of NFA and vitrinite. Vitrinite contents increase and NFA contents decrease with upward coarsening facies succession from the Nishiyama to the Haizume Formation (Figs.8 and 9 ). This increasing trend of vitrinite content is considered to be caused by the upward shallowing in the outer shelf environment of the Nishiyama and Haizume formations. This trend is more prominent in the eastern wing than in the western wing of the Oginojo Anticline (Figs.5, 8 and 9 ). Since Hoyanagi et al. (2000) suggested that the delta system was prograding northward in the southern part of the study area, the eastern wing is believed to be closer to the delta distributary than the western wing of the Oginojo Anticline.
A remarkable trend is found in the outer shelf environment that vitrinite content increases while NFA content decreases to the shore (Fig.10) .
Sedimentary environment and terrestrial organic matter supply The outer shelf sediments not always contain abundant amount of vitrinite comparing with the lower slope sediments, though vitrinite content increases to the shore in the outer shelf environment.
The lower slope sediments of the lower part of the Shiiya Formation contain higher contents of vitrinite than the outer shelf sediments of the Nishiyama Formation. This Takeo Nimura, Toshiyuki Sato and Koichi Hoyanagi 2001 fact has close relevance to the submarine fan channel and levee sediments in the lower slope where turbidity currents transport the coarse terrestrial organic matter. Sato (1980) stated that amorphous (saproperic) kerogen increases to the deeper environment with the exception by the influence of turbidity currents. Therefore, vitrinite contents are controlled not only by distances from the shore but also by transportation process of terrestrial organic matter.
Sediments of the outer shelf to submarine fan on basin floor have abundant terrestrial organic matter (vitrinite + sporinite + cutinite; 36 to 70 %). FA and NFA are derived from sporinite and cutinite, and terrigenous organic matter (Sawada and Akiyama, 1994), respectively.
Consequently, terrestrial organic matter (vitrinite + sporinite + cutinite + FA + NFA) is considered to occupy 93 to 97%. It is concluded that most of kerogen preserved in the sediments of outer shelf to submarine fan in the Niigata back arc basin originates from terrestrial organic matter. SUMMARY 1. Sediments in the outer shelf have high content of vitrinite (average 47%) and NFA (average 38%). Vitrinite content decreases with increase of NFA content seaward in the outer shelf sediments.
2. Channel and levee sediments in the lower slope to basin floor submarine fans have high content of NFA (average 42%) and vitrinite (average 47%). But the outer shelf sediments not always have more vitrinite than the lower slope sediments in spite of the environment closer to the shore.
3. Maceral composition is controlled not only by the distance from the shore but also transportation process of terrestrial organic matter.
4. Most of kerogen preserved in the sediments of outer shelf to basin floor submarine fans originates from terrestrial organic matter. 
